T he increasing focus on treating rheumatoid arthritis (RA) early and aggressively has been accompanied by the recognition that this approach is best employed in patients with a high probability of rapidly progressive disease. 1 2 Its rational use requires prognostic indicators that predict the outcome in an individual patient in the early stages of the disease.
We have previously described and validated an objective and reproducible technique (coefficient of variation = 2.3%) for measuring hand bone mineral content (BMC) by dual energy x ray absorptiometry (DXA) to monitor progression of RA in the early stages. 3 A prospective 12 month study showed that hand BMC continued to worsen despite an improvement in overall disease activity. 4 The question is whether these early changes in hand bone density can predict future disability.
We carried out a five year longitudinal study of hand BMC measurements in an inception cohort of patients with early RA and explored two key questions:
• How does the "cumulative loss of hand BMC" over a five year period compare with other validated outcome measures? • Is the loss of hand BMC within the first six months a prognostic marker of disability at five years?
PATIENTS AND METHODS
Forty consecutive patients with a diagnosis of RA based on the American Rheumatism Association criteria, 5 were enrolled in a longitudinal study of hand BMC measurement after informed consent. All patients had had symptoms of RA for <2 years. Patients with diseases of bone metabolism and female patients who might be pregnant during the study period were excluded. All 40 patients completed six-monthly assessments for two years and 29 of these completed a five year follow up.
At every visit the following clinical assessments were made: number of tender and swollen joints and visual analogue score for pain in hands and in the whole body, Ritchie articular index, Health Assessment Questionnaire (HAQ), 6 C reactive protein and x ray examination of both hands. All patients underwent measurement of hand BMC of the right hand by DXA (Hologic QDR 1000) according to the protocol described earlier. 3 A single observer (JB) performed all the scans (coefficient of variation = 2.3%). The hand x ray findings were scored by Larsen's technique 7 at the end of the study by a single observer (AAD) (intraobserver variability: correlation coefficient = 0.93, interobserver variability between AAD and DLS: correlation coefficient = 0.87). At the final visit, each patient completed a Short Form-36 (SF-36) 8 and the Duruoz hand function questionnaire. 9 The Duruoz hand index (DHI) is derived from 18 validated questions to assess functional disability and handicap due to hand involvement in RA. Each answer is scored on a scale of 0 (no difficulty) to 5 (impossible to do), with a maximum score of 90. A higher score indicates worse disability or handicap.
All decisions about treatment were left to the treating doctor.
Statistical analysis
The SPSS statistical package was used for the analysis. The smallest detectable difference for hand bone densitometry was calculated according to the method described by Ravaud et al 10 and by using normative data from a previous publication. 3 The value of 1.17 g was the smallest detectable difference for our measurement technique. Odds ratio, paired t test, and Pearson's correlation (two tailed) were used to evaluate changes and correlation in various clinical measurements over five years. Multiple regression analysis was used to assess predictors of hand bone loss over five years.
RESULTS
Forty patients completed a two year period and 29 completed the five year follow up. By the end of five years, all patients were being treated with disease modifying antirheumatic drugs (DMARDs; injectable gold 4, plaquenil 4, methotrexate 8, methotrexate plaquenil combination 1, sulfasalazine 10, D-penicillamine 2). Over the five year period, seven patients received intra-articular corticosteroid injections and seven others received short courses of oral corticosteroids. No patients were receiving oral corticosteroids for more than four weeks during the study period.
There was no significant difference between those who dropped out after two years and those who completed five years, either at baseline or on completion of two years (data not shown). Table 1 gives the results for the 29 patients who completed the five year study.
All measures of disease activity showed significant improvements in the first year. The Larsen score showed a progressive worsening over five years, while the HAQ score showed no significant change from baseline throughout the study. Despite early improvement in the markers of disease activity, hand BMC declined progressively over the first three years (percentage loss of hand BMC from baseline: mean (SD) at one year -5.5 (7.2), at two years -7.5(8.4), at three years -9.8(9.4)). This hand bone loss stabilised over the last two years (at four years -9.9 (8.8), at five years -10 (7.8)) (fig 1) .
The percentage change from baseline to five years (cumulative over five years) in hand BMC showed significant inverse correlation with the baseline markers of disease activity and function (correlation with number of swollen joints in hands: r=−0.38, p=0.043, number of swollen joints in body: r=−0.47, p=0.01), HAQ score: r=−0.52, p=0.004). The cumulative loss of hand BMC over five years correlated significantly with the loss of hand BMC within the first six months (r=0.63, p<0.0001). These results indicate that the predictors of hand BMC loss over five years are baseline disease activity, functional status, and the hand BMC loss within the first six months.
The time integrated factors influencing percentage loss in hand BMC over the full five year period were examined by multiple regression analysis. It showed that the average HAQ score and the average number of swollen joints in the whole body and the hands predicted the percentage loss in hand BMC at five years (multiple R=0.71, adjusted R 2 =0.45), indicating that persistently high disease activity and poor function lead to worse hand BMC loss.
We investigated the cumulative loss of hand BMC (corrected for sex and menopausal state) and its relation to other outcome measures at five years. The percentage change in hand BMC at five years showed a significant correlation with the SF-36 physical function module score (r=0.61, p<0.01) and a significantly negative correlation with the DHI (r=−0.64, p<0.01), and HAQ score (r=−0.63, p<0.01), indicating that patients who lose more bone mass also have worse function (fig 2) . There was no significant correlation between the loss of hand BMC and the Larsen score at five years.
To investigate whether the early hand bone loss predicts future disability, patients were divided into two groups based on the smallest detectable difference (1.17 g) of bone loss at six months ("high" bone loss group = hand BMC loss of >1.17 g, n=15, "low" bone loss group = hand BMC loss of <1.17 g, n=14). Those with high bone loss within the first six months had a significantly increased bad hand functional outcome at five years when compared with those with low bone loss (DHI odds ratio 6.9, 95% confidence interval 1.3 to 34.5, p<0.02). There was no statistically significant difference in the final HAQ score, Larsen score, or the SF-36 physical function between the "high" and the "low" bone loss group.
DISCUSSION
As far as we know this is the first study that investigates hand bone densitometry as an outcome measure and a prognostic marker for RA. We have shown that the loss of hand BMC over five years was related to the baseline and cumulative disease activity and the functional status. Control of the disease activity was associated with the rate of loss of hand BMC, though there was a lag period of three years.
The total loss of hand BMC over five years correlated well with other validated functional outcome measures such as HAQ, SF-36, and the DHI. However, over the five year period, there was no significant change in HAQ score. The value of HAQ scores as an outcome measure has been questioned recently and it is thought that the HAQ score may be a marker of process rather than outcome. 11 The Larsen score progressively worsened over five years despite treatment with DMARDs. The Larsen score is rarely used in routine clinical practice as it continues to have problems of precision, sensitivity, and reproducibility and requires interested and trained observers.
12 Despite these problems, radiological changes in the hands and feet are considered to be the "gold standard" outcome measure in RA. Hand BMC measurement is not a substitute for radiological measurements but it might be complementary because of its better precision and sensitivity in the early pre-erosive stage of the disease. Hand BMC measurement is also a "user-friendly" procedure that can be ordered on existing bone densitometry machines in most practices. After the first three years, the Larsen score is a better tool for monitoring outcome.
In our study both the Larsen score and hand BMC loss over five years correlated significantly with the final HAQ score (r=0.51, and r=−0.63, p<0.01) but did not correlate with each other. This may indicate that these two measures explain two different aspects of the overall functional outcome. The Larsen score is a composite measure of joint space narrowing and number of erosions; and an increase in the Larsen score depicts worsening hand deformities. Progressive loss of hand BMC precedes and continues after the development of erosions and deformities, and depends on disease activity, use of corticosteroids, menopausal state, and deteriorating function.
Our data suggest that serial measurements of hand bone densitometry could be used as a prognostic marker. Patients who lost more than 1.17 g of hand BMC within the first six months had a significantly worse DHI at five years than those who lost less. However, the HAQ score, Larsen score, and SF-36 were not different at five years in the low bone loss and high bone loss group, indicating that these outcome measures may not be sensitive enough to reflect the impact of the early hand bone changes of RA.
There are many limitations to our study. It was designed to be an observational study, had a small number of patients, and a large dropout rate. Very few patients received "combination therapy" or the newer biological agents. We feel that our data justify a study with a larger number of patients treated more aggressively to clarify the effect of combination therapy or new biological agents on hand bone loss in RA.
Hand bone densitometry is an objective and reproducible investigation obtained on equipment that is readily available in most rheumatology practices. Our work shows that this technique possesses qualities that could make it a marker of both "prognosis" and "outcome". 
